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ATLAS PIXEL DETECTOR

SERVICES AND HOW THEY ARE BROKEN DOWN

* MODULE SERVICES e COOLING
— POWER — SUPPLY/RETURN
— CONTROL — MANIFOLDING
—  SIGNAL — TEMPERATURE SENSING
— CONNECTORS/BREAKS — CONNECTORS/BREAKS

~-MODULE SERVICES DOMINATE SERVICE VOLUME. THERE ARE 1994 MODULES COMBINED IN THE
BARREL/FORWARD REGION, AND 234 IN THE B-LAYER.

~COOLING EXHAUST TUBES ARE THE LARGEST SINGLE ITEMS TO ROUTE

~-B-LAYER SERVICES, WHILE SIMILAR, HAVE DIFFERENT MODULARITY AND ARE ROUTED DIFFERENTLY
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ATLAS PIXEL DETECTOR

SIZING OF SERVICE CROSS-SECTIONS

SERVICES ARE SIZED BASED ON THE REQUIREMENTS OF THE PIXEL MODULES, INNER DETECTOR
ENVIRONMENT AND THE DISTANCES TO BE COVERED.

e PARAMETERS (DETERMINED BY MODULE)
— POWER DISSIPATION/MODULE
e 6W/CM"2
— NUMBER OF INDIVIDUAL POWER CIRCUITS
e VDDD, VDDA, VCC, VCSEL, OPTICAL DRIVER
— NUMBER OF DESIRED MEASUREMENT CIRCUITS
e MODULE TEMP, SENSE WIRES (POWER VOLTAGES)
— NUMBER OPTICAL FIBERS/MODULE
e CURRENTLY 3, MODULARITY BAD IN BARREL REGION
— CABLE PROPERTIES

e PARAMETERS (DETERMINED BY COOLING)
— REQUIRED MASS-FLOW TO REMOVE HEAT
— FLUID PROPERTIES/FLOW CONDITIONS (FUNCTION OF TEMP/PRESSURE)

e« PARAMETERS (EXTERNAL)
— ALLOWED DISSIPATION (OF SERV]CES) WITHIN ID VOLUME
e THERMAL NEUTRALITY

— LENGTH OF SERVICE RUNS
e FOLDSINTO. PRESSURE DROPS/VOLTAGE DROPS/DISSIPATION INTO ENVIRONMENT
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ATLAS PIXEL DETECTOR

MODULE/POWER SUPPLY PARAMETERS

Power budget W/em*2 Power Supplies AMPS AMPS VOLTS WATTS WATTS
Module 0.521 Circuit | Current (Max) Current (USED) Voltage Power(Max) Power (NOM)
Stave Pigtail 0.054 curr_scale (0.8 Vee 0.75 0.48 1.5 1.125 0.72
.5bmeter PPB1 0.024 Vddd 1.5 0.84 3 4.5 2.52
TOTAL 0.599 Vdda 0.6 0.36 3 1.8 1.08
PT100 0 0 0
Optical link 1.00E-05 1.00E-05 10 0 0
Active Area (cm”2) 9.216 VCSEL 1.00E-05 1.00E-05 4 0.0001 0.0001
Bias Voltage| 2.00E-03 1.60E-03 300 0.6 0.48
Module Power 4.8001

 NUMBERS USED TO SIZE CABLES ARE ‘“NOMINAL” AT THE END OF
DETECTOR LIFE

e POWER BUDGET NORMALIZED TO ACTIVE AREA
e NOTHING CAN INCREASE WITHOUT NEGATIVE IMPACT (GROWTH) IN
SERVICE CROSS-SECTION
— ADDITIONAL NON-POWER CIRCUITS ADD 2MM TO WIDTH OF RIBBON.
— POWER TRACES SIZED ON CURRENT CARRIED IN .5MM INCREMENTS.
e CABLE PERFORMANCE REQUIREMENTS HAVE NOT BEEN CONSIDERED
— CAPACITANCE, NOISE REJECTION
— PERFORMANCE OF S8OM CHAIN
— |IMPACT ON PERFORMANCE DUE TO CONNECTORS
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PIXEL DETECTOR

ATLAS

A BRIEF LOOK AT EXTERNAL ROUTING

PPF 1
) / PPB1T /L /
RTTRTA B-LAYER ROUTING IS
SHOWN IN BLUE, THE

) T, % TRTA Ti7JTRT18| \
N R ﬁ\ 69 REST OF THE PIXEL
N ' SERVICES ARE
. ROUTED ALONG THE
A . GREEN PATH.
o - A "~
e ——— — — 1] ] -
: I =

s POWER CABLES CHANGE SIZE AT PPB1 AND PPF 1 FROM “TYPE 1” TO “TYPE 2”

*TYPE 1 IS SIZED FOR THE 1.5M RUN FROM INSIDE PIXEL VOLUME TO PPB1 THROUGH “GAP”.

* TYPE 2 IS SIZED BASED ON ONLY 2.7M OF THE 5.4M RUN FROM PPB1 TO PPB2 ALONG “CRYOSTAT”.
e THESE REGIONS WERE DEEMED MOST CRITICAL FOR BOTH SPACE AND DISSIPATION REASONS

POWER CABLES WERE SIZED BASED ON ACCEPTABLE VOLTAGE DROPS FOR THE GIVEN LENGTHS

B-LAYER CABLES ARE TYPE 1 CABLES OUT TO PPF 1
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ATLAS PIXEL DETECTOR

TWO OPTIONS FOR MODULE ELECTRICAL SERVICES
(POWER AND CONTROL)

ROUND WIRE WITH AL-KA RIBBON ALUMINUM ON KAPTON FLEX
e PROS  PROS
— ALLOWS USE OF LESS CONDUCTOR FOR — ALL CIRCUITS FABRICATED AT ONCE ON
LOW CURRENT CIRCUITS SAME CABLE
— LOW CURRENT CIRCUITS SAME IN BOTH GAP — SAME TECHNOLOGY THROUGHOUT
AND CRYOSTAT REGIONS (SAVE ON ART) —  GOOD NOISE REJECTION
— WIRES ARE CHEAPER — METAL THICKNESS BASED ON POWER
— LOWER RADIATION LENGTH LEADING TO EXTRA METAL IN THE LOW
— SMALLER FACE AREA POWER TRACES DUE TO DESIGN RULES
e CONS — ARTWORK DIFFERENT FOR GAP AND
CRYOSTAT

— USES TWO TECHNOLOGIES

— CONNECTION OF ROUND AL WIRES IS NOT
STRAIGHTFORWARD

— REQUIRING TWISTED PAIR CAN TRIPLE COST

— TWISTED PAIR NEGATES FACE AREA
ADVANTAGE (MAKES WORSE THAN FLAT)

IT MAY BE THAT A HYBRID SOLUTION WILL WORK BEST, THOUGH AT ADDED COST
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ATLAS

PIXEL DETECTOR

SPREADSHEET USED FOR RIBBON AND CABLE SIZING

Al-Kapton

Circuit Calc-Width Width (.05-pitch) Gaps (.05-pitch) Voltage Drop Power Area (mm*2) | Eq. Dia mm
PPB1 Vce 0.254 0.250 0.10 (edge) 0.407 0.195 0.101664 0.360
Voltage drop 0.4 Vddd 0.445 0.450 0.05 0.395 0.332 0.177912 0.476
Length 150 Vdda 0.191 0.200 0.05 0.381 0.137 0.076248 0.312
A to((7.5E-03)) PT100 0.000 0.050 0.05 0.000 0.000
Al Thickness|4.00E-03 | e o5 Optical link 0.000 0.050 0.05 0.000 0.000
Substrate (Ka) 5.00E-03 VCSEL 0.000 0.050 0.05 0.000 0.000
Insulator (Ka) 2.50E-03 Bias Voltage 0.001 0.050 0.15 (standoff) 0.007 0.000 Routed Xo
Conductor Width 0.10 (edge) Power Dissapation| 1994 Cables B-Layer 0.801%
1.100 Gap Sum 0.665 1325.1 279.9
0.60 Ribbon Width (cm) | Thickness (cm) Mass (gram) X0 Face area
1.70 0.0245 9.6713 0.114% | 0.04165
Circuit Calc-Width Width (.05-pitch) Gaps (.05-pitch) Voltage Drop Power Area (mm*2) Eq. Dia mm
Cryostat Ve 0.366 0.350 0.10 (edge) 0.209 0.100 0.3659904 0.683
Vddd 0.640 0.650 0.05 0.197 0.166 0.6404832 0.903
Vdda 0.274 0.250 0.05 0.220 0.079 0.2744928 0.591
to((7.5E-03)) PT100 0.000 0.050 0.05 0.000 0.000
< |to((2.5E-03)) Optical link 0.000 0.050 0.05 0.000 0.000
Voltage drop 0.2 VCSEL 0.000 0.050 0.05 0.000 0.000
Length* 270 Bias Voltage 0.001 0.050 0.15 (standoff) 0.005 0.000
Al Thickness 1.00E-02 N Conductor Width 0.10 (edge) Power Dissapation| 1994 Cables
Substrate (Ka) 1.25E-02 1.450 Gap Sum _ _ _ 0.345 687.9
0.60 Ribbon Width (cm) | Thickness (cm) Mass (gram) X0 Face area
Insulator (Ka) 2.50E-03 2.05 0.0440 40.2921 0.241% 0.0902
Cryostat in Round  Circuit Area Width (.05-pitch) Gap Sum Width of Cable Voltage Drop Power Xo Wire OD cm | Eq. Dia mm
C t t /W' AWG 24 0.635mm wire Vee 3.167E-03 0.000 0.00 0.173 0.231 0.111 Xo Cables 0.087 0.865
ryos a W Ire MWG 20 1.0mm wire Vddd 7.854E-03 0.000 0.00 0.246 0.163 0.137 0.33% 0.123 1.230
Al Thickness 2.50E-03 YMWG 24 0.600mm wire, Vdda 2.827E-03 0.000 0.00 0.166 0.194 0.070 over 1.143cm 0.083 0.830
Substrate (Ka) 5.00E-03 PT100 1.250E-04 0.050 0.05 Wire "Width" pack fact=2 0.000 0.000 Xo Ribbon
Insulator (Ka) 1.25E-03 Optical link 1.250E-04 0.050 0.05 0.585 0.000 0.000 0.06%
VCSEL 1.250E-04 0.050 0.05 0.000 0.000 Over 0.5cm
Bias Voltage,  1.250E-04 0.050 0.15 0.020 0.000
Conductor Width 0.10 Power Dissapation| 1994 Cables
0.200 Gap Sum 0.318 633.9
0.40 Ribbon Width (cm) | Thickness (cm) Mass (gram) X0
0.60 0.0190 24.2247 N/A
PPB1 in Round Circuit Area Width (.05-pitch) Gap Sum Width of Cable Voltage Drop Power Xo Wire OD cm = Eq. Dia mm
PPB 1 W/Wil'e MWG 26 0.500mm wire Vee 1.963E-03 0.000 0.00 0.146 0.207 0.099 Xo Cables 0.073 0.730
MWG 26 0.500mm wire Vddd 1.963E-03 0.000 0.00 0.146 0.362 0.304 0.21% 0.073 0.730
Al Thickness 2.50E-03 YMWG 26 0.500mm wire, Vdda 1.963E-03 0.000 0.00 0.146 0.155 0.056 over 1.143cm 0.073 0.730
Substrate (Ka) 5.00E-03 PT100 1.250E-04 0.050 0.05 Wire "Width" pack fact=2 0.000 0.000 Xo Ribbon
Insulator (Ka) 1.25E-03 Optical link 1.250E-04 0.050 0.05 0.000 0.000 0.06%
VCSEL 1.250E-04 0.050 0.05 0.000 0.000 Over 0.5cm
Bias Voltage,  1.250E-04 0.050 0.15 0.020 0.000
Conductor Width 0.10 Power Dissapation| 1994 Cables B-Layer Routed Xo
0.200 Gap Sum 0.460 916.9 193.7 | 0.377%
0.40 Ribbon Width (cm) | Thickness (cm) Mass (gram) X0
0.60 0.0190 7.0123 N/A

Face Area
0.0340
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ATLAS PIXEL DETECTOR

CURRENT CIRCUIT INVENTORY

Circuit | Current (Max) Current (USED)

Vee 0.75 0.48
vddd 1.5 0.84 BUNDLE INDICATIVE OF SERVICE CROSS SECTION
Vdda 0.6 0.36
PT100 0 0
Optical link 1.00E-05 1.00E-05 9,86
VCSEL 1.00E-05 1.00E-05
Bias Voltage.  2.00E-03 1.60E-03 —06,09
Power Wires
SENSITIVITY TO CHANGES IN PARAMETERS W/ Packing i
¥

i CURRENT/POWER -
olg} Fiber
—  SLIGHT SENSITIVITY FOR SMALL CHANGES
. <10% (+/9) Barrel Cone Bundle
. NUMBER OF CIRCUITS (ROUND WIRE SOLUTION SHOWN)

— [T IS LIKELY TO INCREASE IN THE CASE OF SENSE
WIRES (DOUBLES NUMBER OF LOW POWER TRACES)
e UPTO 30% INCREASE

e NOISE REJECTION
— TWISTED PAIR DOUBLES WIRE AREA

e UPTO 50% INCREASE
FULL SCALE TESTING OF MODULE POWER CHAIN

e FIBER MODULARITY
— CURRENTLY CONNECTORS COME MODULO 12 WHICH IS NECESSARY TO DETERMINE THE EXTENT TO
WHICH THEY MAY INCREASE

DOES NOT EASILY DIVIDE INTO 13 X 3
¢ POSSIBLE 5% DECREASE
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ATLAS PIXEL DETECTOR

CURRENT COOLING INVENTORY

e EVAPORATIVE COOLING IS PIXEL BASELINE

e COOLING MODULARITY

— TWO STAVES/SECTORS PER CIRCUIT, EXCEPT B-LAYER, WHICH HAS ONE
CIRCUIT PER STAVE

— POSSIBILITY OF MANIFOLDING ONLY EXHAUST UNDER STUDY
* RETURN LINE SIZED BASED ON UNIPHASE COOLANT
— RETURN LINE SIZE UNDER STUDY FOR EVAPORATIVE FLOW
— ASSUMPTION THAT THIS IS CONSERVATIVE
e SPACE RESERVED FOR UNIPHASE COOLANT SYSTEM
— RETURN LINE TO PPB1 IS 5.1 MM, SUPPLY IS 2.0MM
— ALL TUBES LAID IN AT 5.1
Barrel Layer 1Barrel Layer 2 B-Layer Disks Totals
56 Stawves 42 Staves 18 Staves | 60 Sectors PPB1 PPF1
28 Supply 21 Supply 9 Supply 30 Supply 79 Supply 9 Supply
28 Return 21 Return 9 Return 30 Return 79 Return 9 Return
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ATLAS PIXEL DETECTOR

BUNDLING OF SERVICES

. BUNDLE MODULI ARE BASED ON LOCAL SUPPORT ELEMENTS
— DISKS HAVE 6 MODULES PER SECTOR WITH 10*12 SECTORS PER DISK
— BARRELS HAVE 18, 42 AND 56 STAVES WITH 13 MODULES PER STAVE
— COOLING CIRCUITS HAVE 2 SECTORS/STAVES PER CIRCUIT.

* ASSEMBLY INTO GLOBAL STRUCTURE
—  MINIMIZE DAMAGE TO MODULE/ SERVICE TERMINATION
— ACCESS DURING ASSEMBLY

* ROUTING THROUGH PIXEL VOLUME
— SERVICES GO AWAY FROM [P TO MINIMIZE MASS

EACH STAVE WILL HAVE THE
SERVICES FOR 6 OR 7 MODULES
LEAVING AT EACH END

DISK SERVICES LEAVE THE DISK
EVENLY DISTRIBUTED IN PHI
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ATLAS

PIXEL DETECTOR

CABLE BUNDLES AS DEFINED IN PIXEL VOLUME

SECTION AA

9.86
—6.0%9

/ Packing

Rlbbon Fiber

Barrel Cone Bundle

1375

—2./2
_ ¥
%7f

Disk 1-3 Bundle
SECTION BB

22-OCTOBER 98
INNER DETECTOR DESIGN REVIEW

SECTION BB
—11.84

—2.5¢2

Barrel OD Bundle

13,75
—c./c

—

Disk 4-5 Bundle
SECTION CC

BUNDLES DO NOT ACCOUNT FOR PHI REGROUPING
— BUNDLES WILL NEED TO BE INTEGRATED AND BUNCHED
IN GAP REGION INTO 8 ANGULAR REGIONS FOR EXTERNAL
ROUTING
BARREL SERVICES ARE ROUTED ON THE OUTSIDE
OF THE FORWARD FRAME
— BARREL BUNDLES HAVE SERVICES FOR 7 MODULES
DISK SERVICES ARE ROUTED INSIDE OF FORWARD
FRAME

— DiskK 1-3 BUNDLE SERVES 3 MODULES ON CONSECUTIVE
DISKS

— DISK 4-5 BUNDLE SIMILARLY SERVES 2 MODULES

[
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ATLAS PIXEL DETECTOR

SECTIONS OF “ROUTED” CABLES

SERVICES OUTSIDE OF FRAME
HAVE 10% CIRCUMFERENTIAL | | | | | | | | | I I I

I I [ I I [ I I |
MARGIN FOR UNIPHASE TUBE O

£
LI SN NP

OUTSIDE

FRAME

Iy A A
1 1 T T 1 T T T T |
g
. 0 O 0 C
,,,,,,,,,,,, £ n P e P P e e P
oo
El: ?D o 8] C o 0 O
//’ BARREL LAYER 2
CABLE WIDTH
LIMITED BY PITCH
SERVICES EXITING BARREL AFFECT FIRST = = =
E?Er:l.lgg?/fgg‘{hl: Cowpootad Ej:ﬂ:ns D[SK POS[T[ON.
nnng

PACKING STUDY FOR
BARREL SERVICES

BARREL LAYER 1
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ATLAS

PIXEL DETECTOR

DISCONNECTION LOCATIONS

FULL CABLING MUST BE ATTACHED
TO DISK PRIOR TO INSERTION

DO NOT WANT LONG
PIGTAILS ON STAVES
AT THIS STAGE
OF ASSEMBLY

CABLES AND TUBES DO NOT NECESSARILY
BREAK AT SAME LOCATIONS.

e ASSEMBLY SEQUENCE FACTORS
INTO BREAKS

22-OCTOBER 98
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JUST OUTSIDE SUPPORT CONE
AT DIsK RADIUS

AT END OF OVERALL STRUCTURE
AT MANIFOLDS
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ATLAS PIXEL DETECTOR

CONNECTIONS/BREAKS

DOUBLE TO SINGLE SIDED FLEX

.DMM PITCH CONTACT
USED IN PROTOTYPE

DOUBLE SIDED CABLE
ATTACHES HERE

ooooooo

— T IIOU0D0d
mooooo

1]
i}
1]

ARMS FOLD OVER TO

.2DMM PITCH ALLOWS FOR TIGHTER CREEP
PICK UP TOP ACCESS PATHS
HV
BALL GRID ARRAY
CONTACT PAD
SEMI-PERMANENT TUBE CONNECTOR
O-RING ° e o
STANDARD TUBE BOND-SLEEVE cessoes
\ (DISPOSABLE) °000 000

NIPPLE
BONDED ON RING
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ATLAS PIXEL DETECTOR

REMAINING ISSUES

e ROUTING NEEDS TO BE RE-DONE IN 3-D
— CABLE BEHAVIOUR HARD TO CAPTURE IN CAD

— 3D NON STRUCTURAL SCALE MODEL HAS BEEN
CONSTRUCTED

— ROUTE SERVICES ON MODEL, FEEDBACK INTO 3-D
CAD

e FORCES NEED TO BE ESTIMATED
— COOLING TUBES WILL RESPOND TO PRESSURE AND
TEMPERATURE VARIATIONS-NEED TO ESTIMATE LOADS
° COUPLINGS AND STRAIN RELIEF NEED TO BE
INVESTIGATED

— ASSEMBLY AND SUBSEQUENT ATTACHMENT OF
SERVICES WILL COUPLE THE PIXEL DETECTOR TO
EXTERNAL DETECTORS.

— FLEXIBLE CONNECTIONS NEED TO BE RAD-HARD

e CONNECTIONS NEED TO BE PROTOTYPED
— ALUMINUM CABLING IS NOT EASILY CONNECTED TO
— COMMERCIAL CONNECTORS ARE NOT DESIRABLE

ﬁ\lzl\;SlR’CgoEEEETgoi DESIGN REVIEW P/lﬂﬂiﬁf/piﬂl/igilﬂﬂ/’/

E. ANDERSSEN LBNL/CERN



ATLAS PIXEL DETECTOR

THERMAL BARRIER
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ATLAS PIXEL DETECTOR

THERMAL BARRIER REQUIREMENTS

e THE VOLUME FOR INSTALLING THE B-LAYER IS FILLED
WITH CAVERN AIR ~ DEWPOINTOF 13 DEG C

 DETECTOR VOLUME IS ASLOW AS -15 DEG C~ THERMAL
BARRIER MUST STAND-OFF ~30 DEG C THERMAL
GRADIENT IN MINIMAL SPACE

e STRUCTURE OF THERMAL BARRIER MINIMIZED FOR XO

* NO CONDENSATION IS ALLOWED ON ANY SURFACE WITHIN
THE DETECTOR

e DESIGN REQUIRES KNOWLEDGE OF INSTALLATION AND
REMOVAL SCENARIOS, TIMES AND FAILURE MODES

THESE REQUIREMENTS LEAD TO AN ACTIVE THERMAL BARRIER REQUIRING
HEAT INPUT ON THE EXTERIOR SURFACES TO MEET BOUNDARY CONDITIONS
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ATLAS PIXEL DETECTOR

THERMAL BARRIERS AND
FORWARD REGION SPACE

il I B-LAYER(THERMAL BPBRIE'
« . b - ! -

GOLD “CYLINDER” CONE IS FORWARD REGION

THERMAL BARRIER. RED CONE IS INNER ENVELOPE ; b ..;p. o -

OF CURRENT ALIGNMENT GRID. g —

THERMAL BARRIER IS DESIGNED TO HAVE A WARM EXTERIOR SURFACE ABOVE THE DEWPOINT.
TO ACHIEVE THIS WITH A MINIMUM OF THICKNESS AND MATERIAL THE EXTERIOR IS HEATED ACTIVELY.
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ATLAS PIXEL DETECTOR

THERMAL BARRIER CONSTRUCTION

-
TEST ARTWORK FOR CURRENT
LIMIT TESTING. LEFT SETS
HAVE EQUIVALENT RADIATION
LENGTHS. SLIGHTLY MORE
HEAT IS REQUIRED AT
PENETRATIONS AND
BOUNDARIES

TEST PROGRAM ON:
DOUBLE-SIDED AL-KAPTON
20OMICRON AL

50MICRON KAPTON

HEATER PATTERNS ETCHED
IN ONE SIDE

HEATER LAID UP
AND CO-CURED
WITH LAMINATE

DESIGN GOAL: 0.03W/cM™*2
1-AMP / TRACE
U 1L 2 TRACES / SQUARE CM

(TRACES HAVE BMM PITCH)

s Dot o DESIGN REVIEW PUE LETECTOR WIEGRATION
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ATLAS PIXEL DETECTOR

TEST RESULTS

,7 & 1. 3__B__B A |

J U TEST HEATERS FAIL AT OVER 30X THE REQUIRED POWER DENSITY

IR CAMERA RESULTS SHOW UNIFORM OPERATING TEMPERATURES
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ATLAS PIXEL DETECTOR

Is THERMAL BARRIER NECESSARY?

dovelopmnt o epleton ulage v.days ot wam B-Layer installation necessitates installation
of a Thermal Barrier to prevent condensation
T e on detector elements (in fact all surfaces) within
the detector.
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Careful attention must be paid to these
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to weigh the need for a thermal barrier

T e @m e oty thermal barriers as they add inactive mass,
and reduce available space.
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o Sensitivity of the Pixel Layers to warm up time
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ATLAS PIXEL DETECTOR

CONCLUSIONS

e THERMAL BARRIER HEATERS WORK

— WORK ON HEATERS IS USEFUL ALSO FOR THE ACTIVE
BARRIERS

* ITIS UNKNOWN IF THEY WILL BE USED WITHIN
PIXEL VOLUME

— EFFORTS TO DO AWAY WITH THEM ARE UNDER WAY
* STRUCTURAL IMPACT HAS YET TO BE
DETERMINED

— PRESSURE VARIATIONS, STRUCTURAL COUPLING NOT
MODELED

— SERVICE BURDEN NOT DETERMINED
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